Systemic arterial hypertension is not only an important cause of cardiovascular events, it is also a major cause of morbidity and mortality in adults. This type of hypertension is less frequent in children and adolescents; however, its incidence has been increasing due to changes in lifestyle and increasing obesity rates in these age groups. 1, 2 For this reason, consensus organizations strongly recommend checking children's blood pressure (BP) starting at age 3 years. 3, 4 However, the classification of BP levels in children is not an easy task, as cutoff points are determined from a combination of variables including gender, height, and age. 4, 5 Different methods have been proposed to simplify the diagnosis of high BP in children and adolescents. [6] [7] [8] One method, the ratio between BP and height (BP:HT), demonstrated high sensitivity and specificity from cutoff points determined by receiver operating characteristic (ROC) curves. 6,9-12 However, its sensitivity and specificity were lower in younger children when compared with adolescents. 10 We hypothesized that this limitation could be a function of fast growth rates in childhood, which would hinder the acquisition of good cutoff points for different age groups. Since somatic growth rates tend to flatten around age 13 years in girls and age 16 years in boys, 13,14 we decided to standardize the BP:HT ratio to estimated height at age 13 years.
Systemic arterial hypertension is not only an important cause of cardiovascular events, it is also a major cause of morbidity and mortality in adults. This type of hypertension is less frequent in children and adolescents; however, its incidence has been increasing due to changes in lifestyle and increasing obesity rates in these age groups. 1, 2 For this reason, consensus organizations strongly recommend checking children's blood pressure (BP) starting at age 3 years. 3, 4 However, the classification of BP levels in children is not an easy task, as cutoff points are determined from a combination of variables including gender, height, and age. 4, 5 Different methods have been proposed to simplify the diagnosis of high BP in children and adolescents. [6] [7] [8] One method, the ratio between BP and height (BP:HT), demonstrated high sensitivity and specificity from cutoff points determined by receiver operating characteristic (ROC) curves. 6, [9] [10] [11] [12] However, its sensitivity and specificity were lower in younger children when compared with adolescents. 10 We hypothesized that this limitation could be a function of fast growth rates in childhood, which would hinder the acquisition of good cutoff points for different age groups. Since somatic growth rates tend to flatten around age 13 years in girls and age 16 years in boys, 13, 14 we decided to standardize the BP:HT ratio to estimated height at age 13 years.
In this study, our aim was to evaluate the sensitivity and specificity of the modified BP:HT ratio and compare results obtained with the conventional and modified ratios.
METHODS

Study population
This was a retrospective study based on the analysis of medical records for 17,083 children attending a pediatric cardiology clinic in northeast Brazil. Exclusion criteria included the lack of information on 1 of the following: height, weight, systolic BP (SBP), diastolic BP (DBP), gender, or age. A total of 4,327 children, aged 5-12 years, were selected. Among them, 3,505 (81%) had no evidence of heart disease on physical examination or echocardiogram. The Ethics Committee of the Oswaldo Cruz Hospital Complex approved the study.
Prehypertension and levels I and II hypertension were defined according to the Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and Adolescents 5 and were considered the gold standard criteria. According to this report, prehypertension is defined as a SBP or DBP equal or greater than the 90th percentile but less than the 95th percentile; level I hypertension is defined as BP equal to or greater than the 95th percentile and less than the 99th percentile + 5 mm Hg; and level II hypertension is defined as BP greater than the 95th percentile + 5 mm Hg. Overweight was defined as a body mass index (BMI) between the 85th and 95th percentiles, whereas obesity was defined as a BMI equal to or greater than the 95th percentile. All patients had their BP checked with aneroid sphygmomanometers (BIC, Itupeva, Brazil), with appropriate cuff sizes, the inflatable bladder length encircling 80%-100% of the arm circumference, and the bladder width encircling 40%-50% of the arm circumference. The auscultatory method was used. BP was checked after a 10-minute rest in the right arm and with the child sitting down. Only 1 BP check was obtained per child. Height was measured with a stadiometer (Caumaq 101PL, Cachoeira do Sul, Brazil) and weight was measured with an electronic scale (Black&Decker BK30, Shandong, China). BP level was expressed in mm Hg and height in centimeters.
In a previous report, 6 the following equations were used to determine the ratio between BP and height: ratio of SBP for height (SBP:HT) and ratio of DBP for height (DBP:HT). For the modified ratio, we adopted the following equations: ratio of SBP for estimated height at age 13 years (SBP:eHT13) and ratio of DBP for estimated height at age 13 years (DBP:eHT13). Estimated height at age 13 years was determined as: height (cm) + 7 * (13 -age in years).
Statistical analysis
Descriptive statistical results are given as means and standard deviations. ROC curves were built for each SBP:HT, DBP:HT, SBP:eHT13, and DBP:eHT13 ratio. The curves were used to evaluate how well ratios would identify individuals with normal or elevated BP when compared with the gold standard method. 5 The gold standard method is based on the determination of the age and height percentile and, after acquisition of the SBP and DBP percentiles, according to the height percentile, with different charts for each gender. Subsequently, the results obtained using BP:HT and BP:eHT13 were compared using the method proposed by Hanley and McNeil, 15 which calculates the difference between 2 ROC curves using the number of positive cases, negative cases, and area under the curve (AUC) for each one. The 2 ratios in the lowermost and uppermost heights (below the 10th or above the 90th percentiles), as well as in different BMI classifications, were also compared. A multivariate logistic regression analysis for the binary outcome of childhood hypertension to determine the independent predictive ability of BP:eHT13 as well as BP:HT indices after adjusting for age and body weight (BMI classification) was performed. Due to the longer male growth spurt, a comparison between a ratio using the estimated height at age 16 years (eHT16 = 7 * (16 − age)) and the estimated height at age 13 years was also performed for males. The χ 2 test was performed to compare categorical variables. A P value <0.05 was considered significant. All analyses were performed with MedCalc 13.0 software (Ostend, Belgium). Table 1 summarizes the patients' characteristics. The prevalence of prehypertension was 3.91%, whereas that of hypertension was 5.44% (4.28% level I and 1.16% level II) in the sample studied. These values were similar between girls (3.85% prehypertension, 4.40% level I hypertension, and 1.17% level II hypertension) and boys (3.50% prehypertension, 4.18% level I hypertension, and 1.14% level II hypertension).
RESULTS
The sample showed a high prevalence of obesity (22.28%) and being overweight (16.76%). There was a significant influence of BMI on the prevalence of hypertension. The group with normal weight had lower prevalence of hypertension (2.5% prehypertension, 2.0% hypertension) compared with Data are presented as mean (standard deviation). Abbreviations: DBP, diastolic blood pressure; DBP:eHT13, ratio of diastolic blood pressure for estimated height at age 13 years; DBP:HT, ratio of diastolic blood pressure for height; SBP, systolic blood pressure; SBP:eHT13, ratio of systolic blood pressure for estimated height at age 13 years; SBP:HT, ratio of systolic blood pressure for height. those who were overweight (4.0% prehypertension with P = 0.086; 5.52% hypertension with P < 0.01) and with obesity (7.78% prehypertension with P < 0.01; 14.10% hypertension with P < 0.01). Table 2 shows the AUCs for both BP:HT and BP:eHT13, with the respective cutoff points. The respective ROC curves are shown in Supplementary Figures 1-6 . It was not possible to identify an ideal cutoff point to differentiate between the 95th and the 99th percentile + 5 mm Hg for both genders by BP:HT. BP:eHT13 demonstrated a higher AUC in comparison with BP:HT in almost all scenarios, even when the respective confidence intervals were considered. The comparison between the curves was shown to be statistically significant for the identification of BP levels above the 90th percentile. Likewise, BP:eHT13 showed a higher sensitivity and specificity to establish the diagnosis of prehypertension, level I hypertension, and level II hypertension in comparison with BP:HT in both genders (Table 3) . A comparison of the prevalence of hypertension according to both ratios demonstrated that BP:eHT13 was the most similar to the gold standard criteria (Table 4) .
BP:eHT13 also demonstrated better sensitivity and specificity for all BMI categories (Supplementary Table 1 ). Within the lowermost and uppermost heights, there was no statistically significant difference for those below the 10th percentile; however, BP:eHT13 showed better sensitivity and specificity beyond the 90th percentile (Supplementary Table 2 ). Logistic regression analysis adjusted for age and BMI showed that BP:eHT13 exhibited a stronger association with the diagnosis of hypertension than did BP:HT (Supplementary Table 3 ). In addition, there were no statistically significant differences between BP:eHT13 and BP:eHT16 in males (Supplementary Table 4 ).
DISCUSSIOn
It is not easy to diagnose hypertension in children, as the cutoff points are determined from a combination of variables including gender, height, and age. 4, 5 In this context, different methods have been proposed to simplify this diagnosis. [6] [7] [8] BP:HT has been described as attaining high sensitivity and specificity levels in adolescents. 6, 9, 10, 12 This approach has some advantages such as good correlation with both SBP and DBP values and the avoidance of possible diagnostic mistakes from the use of too many variables/charts. 6 Some studies expanded its use to younger age groups; however, the observed sensitivity and specificity were lower than those reported in adolescents. 10 To date, there has been no plausible explanation for why BP:HT is more efficient for adolescents than for children. However, if one looks carefully at a growth chart, it is clear that it assumes an ascending characteristic between the ages of 2 years and 13 years in girls and age 16 years 13 in boys to subsequently reach a more constant tendency. This is due to the fact that most females reach their full height at approximately age 13 years, whereas this occurs in males at approximately age 16 years, with clearly fading, slow growth rates afterward. 14 As BP levels do not increase at the same rate during that period of life, this may interfere with the establishment of more accurate cutoff limits based on the BP:HT ratio. By adjusting for an estimated height at age 13 years, the formula's denominator is standardized, thus attenuating the impact of distinct rates of height and BP increase on the results of the original formula. This fact can facilitate the establishment of cutoff points, which would encompass wider age intervals among children. With the adoption of an approximated equation for both genders, that is, (7 * (13 − age)), one further avoids the need for analysis of percentiles, reinforcing the previously mentioned advantages of a simple method. As males present longer growth spurts than females, Abbreviations: BP, blood pressure; HT, height; eHT13, estimated height at age 13 years. perhaps a similar formula with the height estimated to age 16 years could be used. However, we did not use it because the original BP:HT ratio has demonstrated good sensitivity and specificity beyond age 13 years 10 and because our population comprised children aged 5-12 years. Additionally, a comparison between ROC curves obtained using BP:eHT13 and BP:eHT16 was performed, and no statistically significant differences were found. In general, the use of BP:eHT13 led to an enhanced ability to detect higher BP levels in comparison with BP:HT. Conversely, it was noteworthy that the cutoff points obtained using BP:eHT13 were very similar between genders, which may allow for the adoption of a single cutoff point for each level of BP abnormality. Although slight improvements in accuracy for the diagnosis of hypertension were achieved using BP:eHT13, this method can add some advantages from a clinical viewpoint. The need to analyze multiple percentile tables for every child examined is time consuming 16 considering that the vast majority do not present with elevated BP levels. With the adoption of this ratio, the examination of the vast majority of children may be based on the resolution of a simple equation, with no need to confirm the negative cases, given the high negative predictive value of BP:eHT13. The positive cases, in turn, would be submitted to the gold standard method, which would then be used only for those who would really require a more in-depth evaluation.
Some aspects of our study deserve further comments. First, the prevalence of systemic arterial hypertension in the children studied was similar to that reported in other studies performed in Brazil. 17 Second, there was a positive correlation between obesity and hypertension, a finding consistently demonstrated of other pediatric populations. [18] [19] [20] [21] This study is not without limitations. First, it was based on the retrospective analysis of data from patients' charts. Second, data charts were exclusively for children living in northeast Brazil, pointing to the need for additional studies in other populations to validate our findings. However, one must consider that due to the constant ratio between BP and height among different ethnic groups, it is possible that this method can be expanded to other populations without loss of accuracy.
In conclusion, we show that a modified BP:eHT13 ratio may increase the ability to accurately detect BP abnormalities in children aged 3-12 years in comparison with the conventional BP:HT ratio. These findings raise the hypothesis that this approach might be a more efficient screening technique for the diagnosis of elevated BP in childhood. Further studies in other populations are needed to confirm these findings.
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